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Received 

Abstract:  Tne  oxidative  addition  of  to  1 rBr (CO )i dppe > .  2,  (dppe  =  1 , 2 - D i s - 
(dtpheny IphospM no  ietnane )  yields  a  kinetic  dlhydride  species,  3,  which  then 
isomerizes  to  a  more  stable  isomer.  4.  This  isomerization  of  1  to  f  has  been 
studied  kinet'CaUy  as  a  function  of  initial  Hj  pressure.  Two  pathways  are 
operative  at  ambient  temperature.  The  first  is  a  reductive  elimination/oxida¬ 
tive  addition  sequence  which  is  first  order  In  complex,  while  the  second  is  a 
bimolecular  pathway  involving  dihydride  transfer  from  3  to  2  to  produce  4  and 
regenerate  2.  The  dinydrtde  transfer  pathway  Is  second  order  in  complex  and 
becomes  the  dominant  i somer t za t Ion  mechanism  when  less  than  one  equivalent  of 
H?  relative  to  2  has  been  added  to  the  system.  All  of  the  kinetic  data  have 
been  fit  to  a  complete  rate  law  which  leads  to  a  bimolecular  rate  constant  for 
dlhydride  transfer  of  0.21  M"1  min'1.  Below  -2 0  *C,  the  dlhydride  transfer 
pathway  for  I somer i zat ion  Is  the  only  one  operating. 
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INTRODUCTION 

The  oxidative  addition  of  Mj  to  d0  metal  complexes  has  been  extensively 
studied  over  the  past  20  years  because  of  its  relevance  to  activation  In 
homogeneous  hydrogenation  and  hydroformy lat Ion . 1 One  of  the  most  thoroughly 
investigated  systems  in  this  context  Is  Vasnas  complex,  t rans - 1 rC I (CO  )  i PPn j 
(1),  Which  reacts  with  according  to  eqn  (I).3  Based  on  kinetic  and 
mechanistic  studies, H j  oxidative  addition  Is  generally  viewed  as  a 
concerted  process  with  a  triangular  MM;  transition  state  leading  to  a  cis 
dlhydride  product. 


Recently  we  began  investigating  the  oxidative  addition  Chemistry  of  the 
relateo  set  of  els  phosphine  complexes  IrXlCO  I  (dppe ) ,  2,  and  have  discovered 
thet  Its  concerted  oxidative  addition  reactions  proceed  under  kinetic 
control.6,7  With  complexes  2,  the  oxidative  addition  of  M?  can  follow  two 
possible  pathways,  i  and  li,  as  shown  In  eqn  (2),  leading  to  different 
diastereomers ,  3  and  «,  respectively,  for  the  concerted  process.  Pathway  1 
corresponds  to  approach  to  the  square  planar  complex  with  the  molecular 
axis  of  H?  parallel  to  P-Ir-CO  as  shown  In  A.  The  concerted  oxidative  addition 
along  t  takes  place  with  a  bending  of  the  trens  P-lr-CO  axis  so  that  one 
hydride  of  the  product  becomes  trens  to  CO  end  the  other  trans  to  P.  Pathway 
H  corresponds  to  approach  with  the  Mj  molecular  axis  parallel  to  P-lr-x.  as 


amotent  temperature,  and  is  t»>c  sole  mechanism  operaung  at  temperature*  oa'ow 

I 

-JO  C. 

(■par  latent  at  Section 

All  kinetic  experiment*  were  carried  out  In  resealabie  5  mm  nmw  tube* 
titled  with  a  m ion  valve  purchased  from  Trillium  files*.  H2  was  used  as 
received  lAir  Products  C  P.,  94.3X1.  and  acetone-06  (Aldrich  Gold  laoell  was 
distilled  from  <A  molecular  sieves  *h  nmP  spectra  were  recorded  on  a  Bruker 
wh- 400  spectrometer  at  <00.11  MHz .  The  temperature  of  the  probe  was  regulated 
with  a  Bruker  9VT-t0Q0  temperature  control  unit. 

The  complex  I rBr (CO |( dppe )  was  synthesized  following  the  procedure 
previously  reported.60 

General  P  j-.edure  for  Sample  Preparation.  A  stock  solution  of  ! 

IrBrfCOMdppe)  (9.55  »  10-3  M.  0.033  g  of  complex  In  S  ml  solvent)  was 
prepared  in  acetone-d^  and  stored  under  n2  in  a  dry  box.  For  each  experiment, 

0 . SO  ♦  0.02  mi  of  the  stock  solution  was  transferred  to  the  NMR  tube  which  was 
men  connected  to  a  big n  vacuum  line  conte ining  an  H2  Inlet.  Alter  three 
i reeze-pump- thaw  degas  cycle*,  me  solution  wa*  maintained  at  0  C  »n  an  ice 
bat n  while  the  sample  was  placed  under  the  desired  pressure  df  by  opening  the 
valve  at  tne  top  of  tne  KMft  tube.  Tne  sample  wa*  then  shaken  thoroughly  to 
ensure  mixing  of  H2 ,  and  placed  In  the  tnermostatted  probe  of  the  nmr  spectro¬ 
meter.  Tne  total  volume  of  the  nmP  tube  was  determined  to  be  2.00  i  0.05  ml  with 
a  solution  volume  for  each  run  of  0.50  l  0  05  mi. 

PFSUITS  ANO  CiSCUSSION 

The  kinetics  of  tne  isomerization  reaction  of  the  cl*  dihydrides  of 
formula  I rH?0r ( CO )  ( dppe  )  has  been  studied  over  a  wide  range  of  pressures, 
from  12  mm  to  6T0  mm  of  added  .  The  reactions  were  monitored  by  *H  NMB 


6- 

spectroscopy,  using  r  nt*  integrals  or  tne  hydride  resonance*  of  isomers  3  and  < 
to  determine  tne  relative  amounts  or  each  isomer  present.  Through  comparison 
of  the  integral  of  tne  entire  hydride  region  to  the  integral  o*  the  entire 
mathylene  region,  the  amount  or  unreacted  1 rBr ( CO  )( dppe )  was  determined  for 
each  NMR  tube  experiment,  05  mi  of  a  9.55  *  10‘3  M  stock  soiut'on  of 
I rBr ( CO ) I dppe ) ,  prepared  and  stored  under  nitrogen,  was  used 

I  somer  i  zat  Ion  Under  c  >0  mm  o_[  Hydrogen  The  kinetic  results  c>i  the 
isomerization  of  3  to  <  under  6 fO  mm  of  added  H2  reveal  that  the  reaction 
proceeds  by  a  clean  first-order  process.  At  28  *C,  the  half-life  for 
isomerization  Is  30  hour*,  and  the  correspond  1 ng  kQbs  Is  3.85  k  10'*  min'* 

A  plot  of  In  (3)  vs.  time  is  linear,  as  shown  in  Figure  I,  essentially 
confirming  the  earlier  results  of  Johnson  and  tisenberg.6®  As  discussed  *n 
the  Introduction,  the  isomerization  mechanism  favored  by  us  previously  was  a 
reductive  e I Imlnat lonfox idat 1 ve  addition  sequence  shown  as  eqn  13)  based  on 
the  fact  that  the  initial  oxidative  addition  was  lound  to  be  fast  and 
reversible.  The  rate  law  for  this  mechanism,  given  as  eqn  ( < ) ,  depends  only  on 
the  concentrat  Ion  of  the  kinetic  dihydride  3,  and  shows  no  dependence  on 
hydrogen  pressure.  Since  the  initial  oxidative  addition  Is  highly  stereo¬ 
selective,  k«j  is  much  greater  than  k?  and  the  rate  law  (<)  correspond*  to 
that  of  a  simple  preequilibrium. 


k_,  *  k? 


1  Corner  >  zat  ion  unde*  zuu  tu  4  til  mm  i*I  <«,  ji  j-;c:-.  the  rlnctict  of 
liumtfWtiiai.  i  of  three  experimental  rum  >.no«r  200.  300,  and  4i0  mm  of  addao 
n  wore  found  to  b*  appro* tmate I y  first  order.  Inal  Is,  plots  of  In  13)  vs 
i  iin«  a>«  linear  for  at  least  two  naif  lives,  although  tnay  snow  a  slight 
deviation  from  linearity  at  early  reaction  times.  Tms  deviation  Is  most 
evident  at  me  lowest  of  these  pressures  of  Mj  as  shown  In  Figure  2.  A  more 
significant,  and  initially  more  puzzling,  aspact  of  the  kinetic  runs  under 
these  pressures  was  tnat  the  rate  of  Isomer  net  Ion  was  ODservad  to  be  fastar 
as  tha  prassure  of  added  H2  was  lowered,  as  shown  In  Table  1.  This  variation 
In  rata  with  Hj  pressure  was  inconsistent  with  the  reductive  elimination/- 
Okiaative  addition  sequence  of  (3)  «nd  its  rate  law,  (4),  which  shows  no  CM21 
dependence  A  plot  of  »0DS  vs.  J/tMjJ  suggested  that  a  second  isomerization 
pathway  was  operating  In  addition  to  (3),  while  showing  tnat  the  Inverse 
dependence  of  CMj)  for  this  pathway  was  not  strictly  linear. 

I  somer  i  zat  ion  under  Low  Pressures  Hydrogen  .  four  experimental  runs 
were  carried  out  under  13,  22,  29,  and  41  mm  of  added  H2,  all  of  which 
corraspond  to  amounts  of  added  hydrogen  less  than  one  equivalent  of  starting 
complex,  IrBricOUdppe).  These  reactions  proceeded  much  more  quickly  than 
those  under  nigner  pressures  of  M2  -  typically,  isomerizations  were  coinplate 
in  less  than  is  hours.  Attempts  were  made  to  lit  the  data  to  a  first  order 
equetton,  out  plots  of  In  (3)  vs.  time  showed  significant  deviations  from 
linearity.  Clearly,  me  Isomerization  path  which  was  predominant  at  low 
pressures  of  did  not  follow  first  order  kinetics. 

A  second  order  treatment  of  this  experimental  dats  was  more  successful 
In  that  plots  of  l/CIryl  vs.  time  were  linear,  where  lrT  represents  the  sum  of 
unreacted  and  unlsomarlzad  iridium  complexes,  2*3.  A  plot  of  this  data  for 
me  run  under  22  mm  of  added  H?  is  shown  In  Figure  3.  Contrary  to 


Hr 
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trie  proposal  of  a  dinydr  tda-pr  idgad  blnuciaar  Intermediate  has  precedents 
in  other,  closely  related  studies.  !n  tne  investigation  of  the  stereoselective 
ov'detlve  addition  of  to  various  Trfji  complexes  of  type  2,  Johnson  ana 
EtsenDerg  described  cnemlstry  Involving  the  reactive  Intermediate 
I  mi  CO  Kdppe  )  generated  Oy  dehydroha i ogenat  Ion  of  irn^Br  (CO Hoppe  1,  *  when 
tne  reaction  was  carried  out  using  tne  base  Dfiu  ( 1 ,8-d lataDlcyc I o- 
tS  a .Olundec - 7-ene )  under  the  products  were  the  trtnydrlde  I rMji CO H dppe ) , 
6,  end  the  kinetic  dihydride  3,  as  shown  In  eqn  (6).  Use  of  showed  that 

wnereas  most  of  6  formed  by  the  oxidative  addition  of  Hj  (or  )  to 

I  rH<C0Mdppe ) ,  an  amount  roughly  equivalent  to  the  amount  Of  3-dj  was  produced 
via  a  different  pathway.  Since  the  thermodynamic  dthydrlde  4  does  not 
redact Ively  eliminate  on  the  time  scale  of  the  experiment,  the  formation  of 
I rBr (CO) (dppe  l  which  gives  3-d?  upon  reaction  with  D?  was  proposed  to  occur  by 
direct  dihyorlde  transfer  from  I rH?8r (CO )  (dppe  |  to  JrH(COHdppeJ  through  a 
Bridged  Intermediate  with  concomitant  formation  of  IrN3(C0)Cdppe ) . 
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In  an  earlier  report,  Drouin  and  Harrod4 * * * 8  proposed  a  dlhydr Ide-br Idged 
dimer  species  in  their  attempts  to  convert  the  monodentate  phosphine  complex 

I  rMj(CO  1  (P(  p-C  IC^Mj  )3  )^ ,  7,  to  the  unsaturated  complex  1  r H(C0  I  ( P (  p -C  I }  , 

8  wnen  the  trlhydride  7  was  placed  under  a  stream  of  nitrogen  to  displace 
,  'w  nmb  evidence  revealed  l ha  occurrence  ol  on  equilibrium  proposed  to 


lu 


Involve  9  as  shown  in  eqn  if} 
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Recently  Jones  eno  Maguire  desrr ibed  me  amect  mtermo I ec ul «'  transfer 
of  Detween  a  rhenium  compio*  and  I  r  Hi  i  (.0 II  dppe  i  q  Treatment  ol 
( jBelPPhj  IjHj,  10.  with  1  equivalent  or  1 1 8' i CO  1  < dppe ) ,  7.  resulted  >r 
tne  formation  of  (i)^  C^M^  lUetPf'ft ,  i ami  me  thermodynamic  OihyOf'de  .somei 
of  ]  rH^Br  (10 1 1  dppe  i ,  a.  as  shown  ■  r.  eqn  ;Hi  I'  t  he  reaction  had  proveeceJ  by 
elimination  ol  M ^  from  10  roi  10*0(1  Dy  rj.idative  addition  n  7.  tne 

kinetic  isomer  D  would  have  been  fijimed  A  control  experiment  ruled  du»  c  r- 1  a. 
possibility,  and  the  results  thus  strongly  support  the  notion  mat  the 
reaction  between  10  and  7  goes  via  a  d « h ygr ide - b>  > dqed  Dinuclear  intermediate 


H  M  Br 


Bate  taw  lor  the  Blwoleru'ar  j some r Ration  Pathway  The  rate  law  tor  the 


Upon  substitution  of  this  expression  (or  (21  Into  eqn  (12)  we  obtain: 

«j<  IlrT]J  (H,j 

rata  vi«  otmolecular  pain  *  - - -  (15) 

II  . 

The  (Hj)  dependence  In  rate  expression  (15)  Is  comp  I  a*,  out  It  Is  avtoant 
tnat  tna  value  of  determines  tna  observed  hydrogen  dapanoanca  of  t ha 

*sacono  order"  or  blmoleculer  pathway.  Two  Halting  regimes  can  ba  envisioned, 
which  era  as  (ol lows; 

a)  for  i  >x  tna  otmolacular  rata  «  *  3Kaql  *rT  ,?lH2 1  ■  *n  tM' 


t  I  ulil  I  lu  III.) 

bi  (or  F#qtM,  J  >»  I,  the  Diituicuiji  rate  -  *  jfce  q*  *  r  T  **  *  * My  1  wr.ei-  tf>* 

hydrogen  concentration  is  t-igrier.  the  b  t  ni«j  i  *c  u  i  a  r  >ale  becomes  pr  t  i  or.a  i  'o 

WIH^)  . 

(he  (act  tnat  the  observed  second  order  rate  constant  tor  < somei  i .'at  > ofi 
shows  an  Inverse  (H^i  dependence,  as  illustrated  by  the  data  i  r.  table  i  and 
the  plot  In  figure  a,  indicates  that  even  at  the  io«  presides  wseo  i (■  tr>« 

present  Isomerization  study.  K#. J  >>  j. 

Isomer  I zat  ion  under  on  intermediate  Pressure  of  to  e»amn,e  tr.« 

Isomerization  In  between  the  high  ano  low  pressure  regimes,  ar.  e*pe'  >ment 
was  carried  out  under  i?Q  mm  of  added  Mj .  Based  on  *H  nmB  integrations  o»  tna 
kinetic  Othydrlde  3  ano  dissolved  ,  this  Initial  pressure  o(  corresponds 
to  1.03  equivalents  ol  Mj  in  solution.  As  in  the  high  Hj  pressure  r«gtm«.  no 
IrBrlCQJldppe)  Is  observed  In  solution.  The  reaction  is  half  complete  t n  li  5 
hours,  and  Surprisingly  the  Best  lit  ol  the  kinetic  data  is  obtained  whan  tna 
reaction  is  treated  as  a  second  order,  bimoletular  process.  That  is,  a 
reasonably  straight  line  results  from  a  plot  of  l/llrTJ  vs.  lima,  t  igura  5, 
where  1 1 rr J  in  this  case  represents  the  concantrat ion  of  the  kinetic  ainydnda 
3. 

The  Complete  Bate  taw  Tne  kinetic  results  oescrtoco  above  indicate  that 
both  isomerization  mechanisms  operate  to  oiffertng  extents  over  the  range  of 
pressures  examined.  For  a  system  witn  parallel  reaction  paths,  tn« 
complete  rate  expression  Is  given  by  the  sum  of  tne  component  rate 
laws.  For  the  Isomerization  of  l rn7ttr (COM appe ) ,  the  complete  rate  expression 
is  given  by  eqn  (16)  In  which  mere  are  terms  to  account  for  both  tr.#  first 
and  second  order  components.  If  eqn  (16)  is  correct,  then  it  should  be 
possible  to  fit  the  experimental  data  to  mis  aquation. 
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Imlt,  the  hydrogen  concentration  Is  extremely  low,  ano 


rate  is  propor- 


me  kinetic  oat  a  In  terms  o'  Initial 


the  Min  oroer  cr  second  Order 


I  of  (!',)  C  or  respond  \  HQ  to  t?J 


s  •«•  i  :n,  1  11  is  measured  throughout  me  course  of  each  run 

■-  s  Min  fj'  all  » -net  i,  ■,  w«--r  del  rr  mi  ned  liy  fitting  me  experimental 

oats  |(3:  VS  time-  to  s  sm  o'  o  o  r  p.M /fci"*  a  l  an.j  extrapolating  to  t  0 
Tr>s  a  lows  us  to  ignore  l"t  i  o» r-itr»t  '4>n  of  tn#  thermodynamic  isomer  4  As 


see-  m  lao'e  3.  me  initial  m«  first  mi  resses  w> 


-easing  { ]  and 


tnen  turns  over,  decreasing  as  l )  continues  to  increase  this  -s  consistent 
with  trie  functional  dependence  of  fn^j  in  eqn  (Hi  and  its  two  limiting  cases 


The  cdncentrat  tori  of  in  solution.  IM^l,  tor  each  experiment  is 
calculated  using  the  material  Balance  e«Presslon.  eqn  ill),  where  PqtHji 
is  me  initial  added  pressure  o»  in  atmospheres,  Vgni  >s  the  volume  above 
me  solution  in  the  NMfc  tuce  m  i  0  01  *i  ),  and  vsQ,  Is  the  solution 


tntai  amount  of  added  nvorogen,  P  ( »' 


distributed  as  the 


amount  In  Sd'utiOfi,  lMj>wsoi  ,h*  amount  above  me  solution,  Pi  H;  lwg#s/0T  •  an<5 
me  amount  which  l»  consumed  to  make  omydride.  (31v  ,  Substitutions  are 


f*  'Mj  i  using  a  modified  form  of  Menry' 


te  ,  P(M?»  *  IHlIrt  I, 


o'  2  gas  1  2  *gas 


Substituting  llr^J-13]  for  UJ  In  |i8)  and  solving  for  l )  leaas  to 


Values  for  PgiMjl  are  known  for  each  experiment,  and  a  value  lor  Henry  s 
constant,  was  determined  experimentally  to  be  3  16  ■  10"*  M/atm  b> 
measuring  tH^l  In  acetone-db  using  hhP  spectroscopy  as  a  function  c.i 
po,M2*-  Thus  tne  concentration  of  hydrogen  in  solution  ts  oefermir.es  f  i-  ea-n 


A  Sllgnt  rearrangement  o»  egn  (16)  yields  an  expression  for  a  r enured 
rate”,  eqn  1 20  > ,  equivalent  to  subtracting  out  tne  contribution  o-  t*e  first 
oroer  component  from  the  observed  Initial  rate 


reduced  rate  =  observed  initial  rate  -  - 


A  plot  of  reduced  rate  vs  ItHjl/u  «  should  give  a  straignt 

line  with  a  slope  *  * 3Keo[ 1 rl ^ shown  in  figure  6,  the  experimental  data 
fit  the  derived  function  reasonably  well  with  two  clusters  of  data  points 
corresponding  to  the  two  pressure  regimes  studied,  one  wltn  more  then  I 
equivalent  of  added  i:?  and  the  other  wltn  less  than  {  equivalent.  The  fit  of 
tne  line  indicates  tnet  the  derived  equation  accurately  describes  the  behavior 
of  the  system.  The  data  which  are  plotted,  as  well  as  values  for  PqIH^),  (3i, 
and  ( Hj 3 ,  ore  given  In  Table  3. 

The  very  small  values  for  the  reduced  rate  at  high  IH^J  indicate  little 
contribution  from  the  second  order  pathway.  From  runs  at  the  highest  added 
pressure,  we  estimate  that  kQt)S  Is  appro*  ima  tel  y  k^/r0<1  and  n«s  a  »a>ur  m  3  i 


*  U)  *  rniii  *.  Uwterur.t  valuer  oi  the  equ i I  l l>  r  i  urn  constant,  r  .  were  employed 
in  plotting  tr>e  data  »Uh  tie  best  n  in  ano  errui  fit  obtained  using  2  8  * 
lu4  m  *.  iiasau  or.  Kill  value  ano  the  f  a .  t  (hat  the  slope  Of  the  line  in  Mg.  t 
IS  *  jK*g'  1  fi  J‘  •  **  estimate  the  b  i n.u  I  ec  u  I  ar  rate  constant  for  isomerization, 
k  , ,  to  tie  V  1 1  H  1  mu  1 

low  1  ■  mpc  r  a  t  ur  e  i*  |oemjr  o|  ttie  b  nno  i  ec  ol  ar  Pathway  •  further 
tortf  t  rmat  i  on  of  me  oimuiecul  ar  mechanism  for  isomerization  was  demonstrated 
by  a  low  temperature  experiment  which  showed  that  In  tne  H.,  deficient  regime 
isomerization  of  I < CCi )  toppe  )  can  occur  even  when  the  reductive  eilmlna- 
t lon/OM loat i »e  addition  path  Is  completely  shut  down.  In  one  nmR  tube,  a 
sample  of  the  kinetic  dihydriae  3  was  prepared  Oy  addition  of  300  nvn  of  to 
1 rbr iCO  i  idppe  i ,  ano  kept  oelow  -50  °C  to  prevent  it  from  Isomertzing.  The 
excess  was  removed  Oy  two  freeze -pu/np  tftaw  cycles,  and  200  mm  of  I>2  wort 
aaoed  After  shaking  the  sample  to  ensure  mixing  of  Dj,  the  tube  was 
maintained  at  -ZJ  °C  for  24  hours.  A  *H  nmR  spectrum  skan  at  -23  °C  showed 
no  isomerization  to  4,  and  no  tntorporal ton  of  into  3  by  Integration  of  the 
hydride  resonances  relative  to  the  methylene  resonences.  This  confirmed  that 
reductive  elimination  of  H;  from  1 rM^tCO ) l dppe )  Goes  not  occur  at  -23  °C  over 
a  24  hour  period.  A  second  MMk  sample  wos  prepared  by  adding  23  mm  o'  Hj  (  < 

I  equivalent)  to  IrBr ( CO )  < dppe  I .  After  maintaining  this  sample  at  -23  °C  for 
24  nours,  a  1h  hmh  spectrum  revealed  that  Isomerization  had  occurred  to  the 
extent  of  311.  This  experiment  thus  conftrmeo  that  Isomerization  of  3  to  4 
can  occur  independent  ot  the  reductive  elimination  of  hydrogen  from 
I  rh^flrtCOKo  Pe )  by  a  bimoiecular  path. 

T  ereoselect  ivity  Omyor  toe  Transfer  In  light  of  the  stereoselective 
oxidative  addition  of  to  I rBr (CO )  (dppe  l  to  gtve  the  kinetic  tsomer  3,  It  is 
interesting  to  consider  why  the  dinydrloe  transfer  produces  the  thermodynamic 
tsomer  4.  That  is,  why  does  Olhydrloe  transfer  to  2  proceed  with  opposite 


stereoselectivity  to  that  ot  h.  a.utiue  aodtiiw'  Ino  answ«,  must  b« 
electronic  in  nature  since  stertc  itiun  for  tr.e  formal  ion  of  the  two  isuner.. 
of  1 rM^br  t CO  It dppe  j  by  ainydrioe  transfei  are  similar 

In  Hj  oxioative  abOltion,  mere  aie  two  principal  i  nt  er  0t  1 1  o<is  between 
the  oa  metal  complex  and  the  molecule  1  ^  The  first  involves  o  donation  from 
the  or  d  » l  a  I  into  a  vacant  a^Ceptui  orbital  or.  me  metai  eerier  ot  ur 

p^'0^2  hybrid  Character,  wli'le  trie  second  is  a  bat x  -  bond i ng  interaction  '  r. 
whicn  electron  Oensily  is  mansleiieO  from  a  filled  metal  a  orbital  into  ir.e 
a  orbital  ol  M^.  In  adoition  to  mis  synergic  Interaction,  «  repulsive  a-e 
interaction  between  me  tilled  a 0 1  )  aid  d.Z  orbitals  nas  been  invoked  as  a 

major  contributor  to  tne  a<tivdtivr  oaiiier  in  me  H.  OxiOat.^c  addition 
process  ,0c 

The  stereoselectivity  ot  h^,  o»voat>ve  addition  to  2  arises  by  a  preteireo 
oenoihg  of  one  set  ot  trans  ligands  m  2  wnicn  become  cis  tj  each  other  and 
trails  to  me  fiydrioe  ligands  in  me  product,  as  snown  in  A  This  preference 
relates  to  the  4-«  repulsive  interaction  between  o^ih^J  ana  c,2  As  »i^ 
approaches  the  metal  complex,  one  pair  of  trans  ligands  bengs  such  mat 
complex  ♦  substrate  form  a  trigonal  bipyramtd  as  tne  transition  stale  with  the 
bending  ligands  and  occupying  me  IbP  equatorial  p«  sttions.  Preference  lor 

benomg  of  tne  P-lr-CO  axis  over  tne  P-lr-x  axis  in  2  (i_e..  preference  for  A 
over  B)  occurs  because  tms  places  me  better  «-arid  ligand,  Cu,  in  me 
equatorial  plane  where  it  can  better  stabilize  tne  developing  trigonal 
blpyramid  through  oackoonding  ano  withdrawal  ot  electron  density  f r om  o  .2, 
thereby  reducing  the  repulsive  interaction 

In  dihydriae  transfer,  the  interaction  between  the  square  planar  trill 
complex  -id  the  MH?  substrate  is  not  a  synergic  one.  If  one  considers  «h/  to 
approach  the  dB  complex  m  a  symmetrical  manner  with  equal  l»  M  oistances. 


there  is  no  substrate  orbital  wrncii  cortesponos  to 


IH^I  Hence,  tne  4 -« 


w 


repuis*ve  interaction  does  net  exist,  and  tie  principal  reason  tor  addition 
along  tr,«  P-Jr  CO  axis  ts  removed  In  tact,  tne  natter  o,  donor  orbital  In 
I >  O'  i  CO  1 1  appe  i  is  me  one  or  lented  m  tiie  pian«  defined  Oy  P-  If  -8r  ana  me  i 
4*«s,  and  ■(  is  In  m<s  plane  mac  dihydride  transfer  occurs  While  a  detailed 
theoretical  analysis  of  dthydride  transfer  remains  to  be  done,  w«  envision 
mat  tne  major  orbital  interaction  takes  place  Between  a  filled  d„  orbital 
ol  tri|)  ano  tne  o*  tunctiot'  of  possessing  the  same  symmetry. 

Conclusions 

ine  kinetic  studies  which  we  nave  described  involving  tne  l somer izat Ion 
o'  me  omydriaes  o<  l  •  »^Br » fO  M  dppe  l  show  mat  the  reaction  proceeds  via  two 
different  mechanisms  Bom  mechanisms  operate  to  differing  extents  throughout 
the  range  o'  concentrations  examined,  but  two  limiting  regimes  may  pe 
defined  as  greater  than  ano  'ess  tnan  one  equivalent  of  relative  to  tne 
unset  urated  st  ar  1 1  ng  comp  l  ex  .  I  rfjr  <  CO  Hdppe  ) . 

In  me  presence  of  excess  added  hydrogen,  the  i somer i ?at i on  of  3  to  4 
occurs  primarily  oy  the  first-order  reductive  ellmlnat ion/H^  oxidative 
addition  sequence  shown  in  eqn  (jj.  The  rate  law  for  this  mechanism  shows  no 
dependence  on  (H^l  However,  tne  na 1 f - 1 1 f e  for  Isomerization  In  this  regime 
<P0'M;l  »  ?00  mm)  decreases  with  decreasing  ( 1 .  Indicating  that  the  other 
mechanism  which  is  Hj  dependent  also  operates  under  tnese  conditions. 

Tne  reaction  path  which  predominates  under  hydrogen  deficient  conditions 
involves  direct  dlhydrioe  transfer  through  a  M nuclear  hydride-  bridged 
species  This  pa.hwey  Is  dependent  on  IH^J,  Is  second  order  with  respect  to 
complex,  and  follows  me  rate  law  snown  In  eqn  (li). 

Through  the  use  of  Initial  rates,  the  kinetic  data  have  been  accormod * t ed 
into  a  single  rate  expression  having  first  and  second  order  components.  The 


C'r Im'isIxi  r  »  I  M 

Or.e  of  t ne  m.-  •  t  .  ;  . 
spe_  ics  I  r fir  i  (  u  ;  .  /  . 

(•(festively  i  ■  »ei  s  my- ;  >  •  | 

I  or  mat  i  on  o  I  S  t  ati  1 11  ti  »•■  '  *-n-  •.<!’•  di-  t.c  '  I  ji-.j  ■  <■•*1  <  •*  •  es  '  *  .  •  .  »  •  ■  • 

unusual  'eaiutc  about  f  '»•  .  .'.iJy  ■  ifii  f ira-.'i"  .  >  n  ' 

metal  tenter  to  trie  jl'ifi  *  ■  **».;•  I  e  c,r<  !«• :  ft.ii.i  'i.titor-s 
of  from  polyhydridr  t  *ji"j  lex?',  tv  a  rie.-e  r  out  J  mat  i  ve  u^sa  t  j<  at  ■  '•'••• 

requires  forcing  thermal  i>n.-.t  >.c  heir.  1(  »  ■  r ond < l i ons ,  »i*  thmk  mat  *■' 
alternative  approach  based  v*  tie  M  ^  ant  t  >  art  i  r.q  ability  of  ?  might  .<• 
attractive.  If.  mdeel.  romf-li**  1  dies  ePst'ai.l  from  other  p-,  I  , T  >  3  -  i  ;•< 
substrates  tnHH  men  cihycr  id*1  far.sier  mar  become  an  effective  r.rjr i,.;  i o’ 
preparing  highly  res’tive.  .  .m'  -1  ■  'at  i  ve  i  v  unsalurateo  species.  • 

C-h  pond  activation  studies  |h»s  approach  is  presently  unoer  investigation 
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tne  data  to  eqn  < ?o )  yields  an  experimental  value  for  the  sacond-orde> 


Klnat'c  Data  for  mu  Isomertjal' 


3  io  4  under  us»  **.,  Pressure 


IflU.ai  ratio 
of  ( 3  J / 1 1 r  T  ) 6 


vr(.onO  Order 

lf«t*  Constant  .  m'1  mr.'1 


Based  on  the  measured  concentrations  of  3  and  total  dppe  spec  les  as 
Cescrioed  In  tne  text. 


reduced  rate 
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Mgure  6.  Plot  of  the  reduced  rate  defined  In  eqn  (20)  vs  the  function 
oescrtoing  the  IH?J  dependence  In  the  complete  rate  law. 
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